I mplantable cardioverter-defibrillators (ICDs) improve survival in patients at high risk of sudden cardiac death, but device implantation carries a significant risk of bleeding complications. 1 Although multiple factors influence bleeding risk, postprocedural antithrombotic therapy is likely to play a significant role, particularly among patients who require multiple agents due to atrial fibrillation (AF) and coronary artery disease (CAD). 2, 3 However, this may substantially increase the risk of bleeding around the time of the procedure. 2, 3 Decisions regarding antithrombotic therapy require balancing the competing risks of bleeding complications and thromboembolic events (TEs). However, currently there are no guidelines for the management of antithrombotic therapy for patients with AF and CAD after ICD implantation. The lack of guidelines may reflect incomplete knowledge about the association between different antithrombotic agents and short-term outcomes after ICD implantation.
At present, patterns of use of postprocedural antithrombotic agents and their association with clinical outcomes have not been described. We therefore set out to determine patterns of utilization of antiplatelet agents and warfarin and the associated early, short-term risks of bleeding, TEs, and device-related complications in patients with AF and CAD who are discharged on antithrombotic agents using the National Cardiovascular Data Registry's (NCDR â 's) ICD Registry TM . The registry collects data on patients' postdischarge antithrombotic medications and when linked with Medicare claims data, it provides an opportunity to evaluate outcomes associated with antithrombotic agents following ICD implantation.
Methods Data Source
Patients with ICD implantation were enrolled from the registry. The registry, which is cosponsored by the American College of Cardiology and the Heart Rhythm Society, has been previously described. 4 The registry was established in April 2006 and has been funded by a combination of hospital fees and grants from both device companies and payers. Hospitals are required to submit data on all Centers for Medicare and Medicaid Services patients who receive an ICD for primary prevention of sudden cardiac death. 5 However, more than 75% of hospitals report data on all ICD implantations (irrespective of indication and payer), and these hospitals submit more than 88% of all cases in the registry. 4 The registry collects more than 130 data elements at the time of initial ICD implantation, device upgrade, and device replacement. Clinical, demographic, procedural information, and discharge medications are collected in addition to information about adverse events until the time of discharge using standardized data elements and definitions. Data are submitted by participating hospitals using certified software. Data quality is examined using a formal Data Quality Reporting and audit process. 4, 6 Longitudinal outcomes were obtained by linking registry files with Medicare inpatient feefor-service claims using probabilistic matching, as previously described. 7 
Patient Population
All admissions from January 2006 through December 2009 that could be matched to Centers for Medicare and Medicaid Services Medicare fee-for-service claims data were identified. We restricted the population to patients with a history of AF and CAD. We defined CAD as having 1 of the following: (1) ischemic heart disease, (2) previous myocardial infarction, (3) coronary artery bypass grafting, or (4) previous percutaneous coronary intervention (PCI) . Patients were excluded if they were not enrolled in the Medicare fee-for-service; had a previous ICD or pacemaker; did not have 3 months of followup; had unknown medications on discharge; had experienced bleeding complications during the hospitalization for ICD implantation; or were not discharged on any medications under evaluation.
Postdischarge Medication Groups
We divided patients into 5 groups based on the postdischarge antiplatelet and anticoagulant agents. These groups included patients with (1) warfarin, (2) 1 antiplatelet agent (A), (3) dual antiplatelet agents (DA), (4) warfarin and A; and (5) warfarin and DA. The antiplatelet agents included in the analysis were aspirin and clopidogrel/ticlodipine. Patients discharged without any antithrombotic agents or with missing information about discharge medications were not included in our analysis.
Endpoints and Definitions
The outcomes for this analysis were bleeding, TEs, major adverse cardiovascular events (MACE), and device-related complications. We focused our primary evaluation on outcomes 30 days postdischarge to minimize the effect of medication changes postdischarge. In our secondary analysis, we evaluated outcomes 90 days following discharge. We identified bleeding, MACE, TEs, and device-related complications based on commonly used ICD-9-CM diagnosis and procedure-related codes (Table 1) . 1, 5, 8, 9 Complications that could be attributable to device implantation were considered device-related complications. 1 
Statistical Analysis
Baseline characteristics and outcomes were compared between patients according to postdischarge antithrombotic medication groups using F tests in ANOVA model analysis for continuous variables and v 2 tests in frequency table analysis for categorical variables. A Cox proportional hazards model was used to estimate the adjusted risk of the antithrombotic medication groups on bleeding, TEs, and device-related complications after accounting for differences in patient and procedural characteristics. Characteristics that we adjusted for included gender, race, New York Heart Association Functional Class, prior myocardial infarction, chronic lung disease, renal failure requiring dialysis, ejection fraction, creatinine, and CHADS 2 VASC score. Hazard ratios (HRs) for each postdischarge medication group were calculated after adjusting for the baseline covariates. Multivariable logistic regression model was used to identify factors associated with the decision to discharge patients with warfarin. We evaluated the association between the treatment groups and outcomes using inverse probability-weighted estimators incorporating propensity scores to compare treatment groups. The propensity scores were calculated based on a logistic regression model for the use of warfarin, which was supposed to make the treatment groups more balanced. Inverse probability-weighted estimators require fewer distributional assumptions and handle censored data. 10 Adjusted
HRs were calculated according to the inverse probabilityweighted approach of Cole and Hernan. 11 Proportionalhazards assumption was tested using the graph of the log (Àlog [survival]) versus log of survival time and Schoenfeld residuals on the functions of time. No parallel curves or a nonzero slope indicated violation of the proportional-hazards assumption. The assumption of proportionality was tested and met for the Cox proportional hazards analyses. The statistical significance of differences among strata was tested in survival models accounting for matched groups. We did not account for clustering within hospitals for the final analysis. All statistical tests were 2-sided with a significance threshold of P<0.05. All analyses were performed using the statistical packages of SAS version 9.3 (SAS Institute Inc). Analyses of the ICD Registry were approved by the Yale Human Investigation Committee.
Results
The merged data set between the registry and Centers for Medicare and Medicaid Services Medicare claims comprises 185 574 patients between January 2006 and December 2009. Patients were excluded sequentially if they did not have a full 3-month follow-up (n=4840); had a previous ICD (n=55 822), previous pacemaker (n=19 214); unknown medications (n=1025); no history of AF (n=67 536); epicardial leads (n=534); bleeding complications in hospital (n=642); no history of CAD (n=7511); and were not in the considered medication subgroups (n=3270). There were 25 180 patients from 1218 sites who met our inclusion criteria and were included in the study population ( Figure 1) .
Overall, there were differences in cerebrovascular disease, diabetes, and hypertension among patients discharged with different antithrombotic agent combinations. Baseline characteristics of patients according to medications postdischarge are summarized in Table 2 . There was substantial variation in postdischarge medications according to hospital geographic location. There were also differences according to the community served and profit type of hospitals (Table 3) .
The proportion of patients discharged on warfarin varied only modestly by the patient stroke risk as assessed by the CHADS 2 VASC score ( Figure 2 ). A substantial proportion of patients with CHADS 2 VASC ≥2 were not discharged with warfarin (9952/25 180, 39.5%). In multivariable analysis, we assessed factors associated with patients being discharged on warfarin. These included ischemic heart disease, nonischemic cardiomyopathy, sinus node dysfunction, congestive heart failure with New York Heart Association II or III symptoms, previous myocardial infarction, coronary artery bypass grafting or PCI, history of valvular surgery, diabetes mellitus, hypertension, renal failure requiring dialysis, elevated systolic blood pressure, elevated blood urea nitrogen levels, QRS duration, and CHADS 2 VASC score. The risk of bleeding assessed by CHADS 2 VASC score was not a predictor of discharge warfarin ( Figure 3 ).
There were 10 669 patients with a history of PCI. A higher proportion of patients were discharged on DA if their PCI had been performed within 3 months of the ICD implantation (36.0%). Among patients whose PCI was performed more than 3 months of the ICD implantation, a higher proportion of patients were treated with warfarin and A (30.7%).
Bleeding, TEs, Device-Related Complications, and MACE
Thirty-day outcomes
Overall, 575 (2.3%) bleeding, 642 (2.5%) MACE, 356 (1.4%) TEs, and 605 (2.4%) device-related complications were observed 30 days following hospital discharge (Table 4) . There were 204 (0.8%) device-related bleeding events, which included 176 (0.7%) hematomas. Patients discharged on warfarin+DA had the highest number of bleeding events (3.6%) compared to those discharged on A (2.2%), DA (2.5%), warfarin+A (2.4%), or warfarin (1.7%). Device-related bleeding was more common in patients discharged with warfarin+DA (1.1%) compared to A (0.7%), DA (0.9%), warfarin+A (1.0%), or warfarin (0.6%). Patients discharged on warfarin alone had the lowest rates of MACE (1.8%), compared to those discharged on A (3.0%), DA (3.9%), warfarin+A (2.0%), and warfarin+DA (2.9%). Patients discharged with DA had the highest rates of TEs (2.0%) compared to those discharged on A (1.4%), warfarin (1.5%), warfarin+A (1.2%), or warfarin+DA (1.1%). There were 1970 (7.8%) patients discharged with triple therapy. In multivariable analysis, combinations of DA, warfarin+A, and warfarin+DA were independently associated with higher bleeding risk when compared with warfarin alone (Table 5) . Specifically, warfarin+A and warfarin+DA were associated with higher device-related bleeding. Patients discharged with A, DA, and warfarin+DA were associated with a higher risk of MACE. The risk of TEs and device-related complications did not vary across groups. There were no differences in bleeding and TEs, across CHADS 2 VASC scores, among patients treated and untreated with warfarin (Table 6 ).
Ninety-day outcomes
There were 1147 (4.6%) bleeding, 705 (2.8%) TEs, 1072 (4.3%) device-related complications, and 1766 (7.0%) MACE observed 90 days following discharge (Table 4 ). There were 299 (1.2%) device-related bleeding events, which included 252 (1.0%) hematomas. Patients discharged on warfarin and DA had the highest number of subsequent bleeding events (7.4%) compared to those discharged on A (4.0%), DA (4.9%), warfarin+A (4.7%), or warfarin (3.7%). Patients discharged with warfarin+A had the lowest rates of MACE (5.7%), compared to those discharged on A (7.7%), DA (9.9%), warfarin (6.0%), and warfarin+DA (7.6%). Patients discharged with DA had the highest number of TEs (3.7%) compared to those discharged on A (3.1%), warfarin (2.7%), warfarin+A (2.4%), or warfarin+DA (2.4%). In multivariable analysis, combinations of DA, warfarin+A, and warfarin+DA were independently associated with higher bleeding risk when compared with warfarin alone (Table 5 ). The risk of device-related bleeding events was higher in patients discharged with DA, warfarin+A, and warfarin+DA. Furthermore, patients discharged with DA and warfarin+A had a higher risk of device-related complications. Patients discharged with A, DA, and warfarin+DA were associated with a higher risk of MACE. The risk of TEs did not vary across groups. There was a higher risk of TEs in patients with intermediate (3 to 5) and high (≥6) CHADS 2-VASC scores who were not treated with warfarin compared to those treated with warfarin (Table 6 ). Furthermore, there was a higher risk of bleeding in patients with high (≥6) CHADS 2 VASC scores who were treated with warfarin (Table 6 ). 
Assessment of Outcomes Using Inverse Probability Weights
Comparison of groups using inverse probability-weighted adjustment yielded findings consistent with the adjusted Cox regression models. Patients discharged with DA, warfarin+A, and warfarin+DA were independently associated with higher bleeding risk 30 days following discharge ( Table 7) . The risk of device-related bleeding was higher in patients discharged with warfarin+A and warfarin+DA. The increased risk of bleeding persisted 90 days following the procedure for patients who were discharged on DA, warfarin+A, and warfarin+DA ( Table 7) . The risk of device-related bleeding remained elevated in patients discharged with DA, warfarin+A, and warfarin+DA. DA was associated with an increased risk of TEs and device-related complications within 90 days following the procedure (Table 7 ). The risk of MACE was elevated among patients discharged with A, DA, and DA+warfarin. The elevated risk of MACE in these groups continued 90 days following discharge (Table 7) .
Discussion
In a large study of Medicare beneficiaries undergoing first time ICD implantation, we found substantial variation across hospitals in the use of antithrombotic agents. In addition, the risk of postdischarge bleeding events varied by antithrombotic strategy. The combinations of DA, warfarin+A, and warfarin+DA were all associated with an increased risk of bleeding. In contrast, there was no statistically significant difference in the risk of TEs according to antithrombotic strategy used. The findings from our study quantify the risks associated with different approaches to antithrombotic therapy and may identify potential opportunities for reducing complications and improving outcomes among patients undergoing initial ICD implantation.
There have been several studies that have examined anticoagulation strategies in patients receiving heart-rhythm devices. However, the majority of these studies have focused on the perioperative complications related to antithrombotic therapy. There is little data surrounding the role of postdischarge antithrombotic agents and short-term outcomes. Although the majority of risk related to antithrombotic agents is focused on the immediate perioperative period (ie, before hospital discharge), a significant proportion of patients develop complications after discharge. Our study is the first study to demonstrate the risk of bleeding and TEs associated with the choice of antithrombotic agents postdischarge.
Patients with CAD represent a large number of patients who receive ICDs. Atrial fibrillation is common among patients with CAD. 12 The risk of TEs in patients with CAD and AF is often managed by combining low-dose aspirin and warfarin despite little evidence supporting this approach. Therefore, the risk of bleeding must be carefully weighed against the risk of TEs in this population, particularly in the periprocedural period following ICD implantation. In our study, a significant number of patients were on multiple antithrombotic medications, and we observed regional variation in patterns of antithrombotic medications prescribed postdischarge. Furthermore, this variation in antithrombotic medications was not influenced by patients' underlying risk of TEs. There was a large of number of patients being discharged without warfarin despite an elevated risk of TEs. The high risk of TEs evident by CHADS 2 VASC ≥2 or higher was not predictive of discharge warfarin, suggesting the possibility that the choice of antithrombotic agents after ICD implantation is mainly driven by the risk of bleeding rather than TEs. In our study, discharge DA was associated with an increase in the risk of bleeding without any associated reduction in TEs. This is consistent with the results of several trials, which have established an increase in the risk of bleeding without a significant reduction in TEs in AF patients treated with DA therapy.
2,13
Current guidelines recommend the use of "triple-therapy" among patients with AF at moderate or high risk of TEs who also have an indication for DA therapy.
14 In our study, patients discharged with "triple-therapy" were at increased risk of bleeding, TEs, and MACE compared with other strategies. These findings are consistent with previous studies showing a higher rate of bleeding and cardiovascular complications associated with triple therapy. 15 It is likely that many of the patients discharged on "triple-therapy" had a compelling reason justifying the use of multiple agents including the recent implantation of a drug-eluting stent. Consistent with this hypothesis, we found that patients discharged on "triple-therapy" were much more likely to have undergone a PCI within 3 months of device implant. Nevertheless, we found that a substantial number of patients discharged on "triple therapy" had no history of PCI or myocardial infarction. Although these findings raise questions about whether "triple-therapy" was in fact necessary, this may simply reflect the fact that the registry may not capture all indications for triple therapy in this population. Nevertheless, our study contributes to our understanding of this issue by characterizing the risks associated with "triple-therapy." Given the excess risk of adverse outcomes associated with use of "triple-therapy" following ICD implantation, practitioners should take every effort to ensure that this risk is clinically justified. Furthermore, our findings highlight the need for additional studies to identify the best strategy for balancing the risks and benefits of different antiplatelet and anticoagulant drug combinations in this population. Recent trials have shown an increase in the risk of bleeding with no difference in the risk of TEs or MACE in patients receiving triple therapy compared to those receiving warfarin and clopidogrel. 15, 16 These results are consistent with our findings and suggest that double therapy may be an alternative to triple therapy in patients receiving ICDs. There is a need for randomized controlled trials that explore the role of different combinations of antithrombotic drugs in patients following ICD implantation. Several aspects of our study warrant further consideration. Our study cohort was limited to Medicare patients older than 65, and this population may not be representative of all patients undergoing ICD implantation. However, this population is representative of the majority of patients implanted with ICDs in the United States. We did not have information about changes in medical regimens or medication compliance during the follow-up period. As such, we restricted our primary analysis to short-term outcomes after discharge. It is possible that unmeasured confounders may have affected the results of our analysis, but we employed rigorous analytical techniques in order to minimize the effects of confounding on our results. The data regarding the perioperative management of antithrombotic therapy and International Normalized Ratio levels were not available through the National Cardiovascular Data Registry TM . Therefore, we were not able to assess the role of perioperative management of antithrombotic therapy and International Normalized Ratio levels on outcomes. The data needed to calculate the bleeding risk (ie, ATRIA bleeding risk score) were not available through the ICD registry. Therefore, we were not able to confirm high bleeding risk as the reason for lack of postdischarge warfarin in patients with high risk for TEs. Finally, our analysis did not include newer anticoagulant and antiplatelet agents; therefore, these results cannot be generalized to patients discharged with novel antithrombotic agents.
In conclusion, we found that patients discharged with warfarin alone have the lowest risk of bleeding after ICD implantation. The concomitant use of antiplatelet therapy with warfarin is associated with increased risk of bleeding without a concomitant reduction in the risk of TEs. These data underscore challenges associated with anticoagulation and antiplatelet therapy following ICD implantation and suggest the need for novel strategies to reduce the risk of complications in this population.
